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Abstract 
This paper presents the design of low noise amplifier for WLAN front-end applications using enhancement mode technology.Typical 
single frequency LNA is required to operate with low noise, high gain and good linearity at 2.4GHz. The design adopts feedback, and 
balancedtopology to counter the problem of conventional LNA design which has difficulty in meeting the design specification.The 
measured result show the proposed LNA has noise figure (NF)< 2dB, gain>10dB and with S11 and S22 <-10dB at 2.4GHz. 
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1. Introduction 
Highly integrated and cost effective RF circuitry is becoming an essential element for the operation of portable wireless 
equipment. In the receiver block, low noise amplifier (LNA) is a critical element to ensure good reception of signals. 
Competitive IEEE 802.11 WLAN product in the market today leads to the demand of high performance LNA which is low 
noise and high gain with fewest components [1]. Enhancement mode technology is of major interest due to its low noise and 
high linearity performance requiring only a single positive supply [2]. It has been a problem for a conventional LNA to 
achieve the challenging design requirement. Although there are many solutions in the market which help to enhance the 
LNA performance but it may involves multi-stage design and many discrete components thus requires much engineering 
effort to realize [3].Therefore, a more specific technical approach is needed to help the designer to improve the design of the 
LNA. In this paper, single frequency LNA design with a negative feedback topology and the balance topology are 
introduced and compared on the performances. Each of the topology has its advantage in improving the performance of the 
LNA. The use of small inductance in feedback amplifier makes the design to achieve both low noise figure and low input 
VSWR which is always the tradeoff [4]. Balanced approach employing hybrid couplers capable to meet high input and 
output return loss as well as high stability [5]. Both the LNA are designed using Avago ATF-54143. The simulation and 
optimization are performed using ADS (Advance Design System) software. The simulated results of the two designs 
topology then will be compared and the best design approach will be used in the LNA for WLAN application. 
ification to be achieved. 
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Table 1. Design specification of LNA
Paramters Value
Operating frequency (GHz) 2.4
Gain, S21 (dB) >10
Noise figure (dB) < 2
Input return loss, S11(dB) >-10
Output return loss, S22(dB) >-10
Stability factor, K >1
1.1 Feedback amplifier design
In low noise amplifier design, it is often requires both low noise figure and low input voltage standing wave ratio
(VSWR). However, there is tradeoff between these two parameters as the source reflection coefficient required for an input
conjugate match ( m) and the source reflection coefficient required for minimum noise ( opt) are always not equal.
Therefore, there exists the problem where the input matching network cannot achieve low VSWR and low noise figure
simultaneously [4].  However, by using the series feedback techniques, this problem can be solved and it has three
predominant effects such as increased input resistance, increased in band stability and increased gain [4]. Typically the 
inductance can be inserted by grounding the transistor through a short transmission line or by adding small value of inductor 
to the ground [2]. The adding of inductance moves the reflection coefficient required for an input conjugate match closer to
opt. Figure 1 shows that an ideal inductor is added in series with the source lead of the FET which is also known as negative
series feedback technique.
Fig. 1. FET model with external source inductance [4]
The voltage developed accross the internal Cgs capacitor is
where S is the complex frequency variable
Substituting
for Is gives:
(1)
(2)
(3)
(4)
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(5)
Again, substituting for and dividing through by gives:
Canceling out in the last term yields the result:
Substituting S = jw into the above equation gives the input impedance as a function of frequency. This is the new composite 
FET input impedance.
Equation 7 (FET with feedback) can be rewritten as follows:
The impedance of FET without feedback can be written
By comparing the equation 8 (with feedback) and equation 9 (without feedback), it can be seen that feedback adds [Ra +
input impedance [4]. From the derivation above, it can be seen that the use of feedback, adds a real
(resistive) component of Ra and also a positive reactive component. Both of these effects move Zin* closer to opt. This 
happens as optremain unchanged with the addition of source inductance. Therefore, as Zin* moves closer to opt, the 
distance between the noise match and the gain match get closer in the smith chart, facilitating a simultaneous gain and noise
match [4]. 
1.2 Balanced amplifier design
The single amplifier meets the specification for noise figure but fails to meet the return loss specification due to large
mismatch on the input and output. This problem can be overcome by using balanced amplifier topology, shows in Figure 2.
Generally, a balanced amplifier has been widely used in LNA due to its excellent performance in input and output return
losses, low noise figure and better stability comparing to a single ended amplifier [5]. This makes a balanced LNA to
become a popular topology to be used in WLAN application. However there is time when the single ended amplifier is more
preferable.
(6)
(7)
(8)
(9)
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Fig. 2. Block diagram of a balanced amplifier
The balanced amplifier made up from two quadrature hybrid. When there is reflection of an incident signal on the input 
due to poor match, it will be channeled back to the 50 ohm load, similarly on the output [1]. A branch line or hybrid coupler 
is one of the most popular hybrids for design and implementation of balanced LNA [1]. However the conventional branch-
line coupler which composes of four quarter-wavelength transmission lines requires a larger board size and result in higher 
cost. Several researches have done before this in the effort of reducing the size of the branch line coupler. There is a new 
design method proposed by one of the researcher and it will be used in this project for balanced LNA design. This design 
method produces a compact size of coupler as compared to using the conventional branch line coupler [6].
Fig. 3. Equivalent quarter wavelength transmission line [6]
This method utilizes either high or low impedance shunted open stubs as shown in the Figure 3. The three shortened 
length of stub arranged in T-shape can easily miniaturize the quarter-wavelength transmission lines of the conventional
branch-line couplers [6]. Three types of shortened quarter wavelength transmission line can be used for the compact branch
line couplers. They are the T- -model and a combination of both models.
Fig. 4. Diagram of T-model microstrip branch line coupler with low impedance approach
The low impedance T-model approach is selected in this project, due to the ease of implementation and the reduced 
complexity in terms of layout. The impedance and lengths of each shortened equivalent quarter wavelength, which are Za,
Zb, a and as depicted in Figure4, are derived for both the shunt and series arms as shown in equation 11 and 12 [6].
(11)
(12)
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2. LNA Design with feedback topology
ATF-54143 from Avago technologies is chosen to be used in both the design as it is a low noise enhancement mode
PHEMT with high gain and wide dynamic range [3]. It also has lower count part and a more compact layout which make it
very suitable for application in WLAN product [3].To meet the goals for noise figure and gain, the ATF-54143 is biased at 
Ids = 60mA, Vds=3V. Passive biasing of ATF-54143 can easily be accomplished by the use of voltage divider [3].The LNA
are matched using lumped element as it is simple and save space.Usually in RF circuit, conjugate matching will be done at
both the input and output side to achieve good return loss and maximum gain. However, in LNA design the input stage of 
the amplifier is matched to opt.to achieve lowest noise figure as possible. From the ADS simulation of the biasing network,
the input stage of the amplifier is matched to at the location of which is 24.6 + 3.49j and the load impedance is
conjugate match at 56.1 -23.6j. Figure 5 shows the schematic design of a series feedback LNA which contain the biasing
and matching network. L1 and L2 are actually very short transmission lines between the source lead and ground. It 
represents a very small amount of inductance introduced to the circuit which has dramatic effect to the gain, stability and 
input and output return loss.
Fig. 5. Series feedback LNA
3. LNA Design with balanced topology
The design of balanced LNA involves an additional step which is to design the coupler besides the biasing network. For 
the biasing network as shown in Figure 6, additional resistor such as R4 is added to improve low frequency stability by
of the transistor. Radial stub are used together with the quarter wavelength microstrip line as shown in Figure 6to isolate DC
and RF operation. Radial stub acts like a shunt capacitor (RF bypass) whereas quarter wavelength transmission line plays
the function as RF choke.
The compact balanced LNA consists of T-shape shortened length of stub designed at the frequency of 2.4GHz. 
Choosing and , Z3, Z4 to be 400 Z1, Z2, , can then be derived from equation 11 and 12 as
0, 11.700 respectively. The T-model branch line coupler achieves size reduction of 64% as compared
to the conventional quarter wavelength branch line coupler. Optimization of the circuit is performed to tune the component
values and the microstrip line so that to meet the design requirement. The complete balanced LNA design consists of 
compact branch line coupler feeding to the biasing network of the LNA as shown in Figure 7.
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Fig. 6. Biasing network of balanced LNA
Fig. 7. Compact balanced LNA
4. Comparison of performance
Both the feedback and balanced LNA are simulated using the ADS software. The comparison between this two LNA in 
several S-parameter and noise figure performance are shown in table 2.
Table 2. Comparison of simulated result between balanced and feedback LNA
S-parameters Feedback 
LNA
Balanced 
LNA
Gain, S21 (dB) 14.951 17.112
Noise figure (dB) 0.663 0.846
Input return loss, S11(dB) -20.063 -30.412
Output return loss, S22(dB) -24.042 -30.679
Stability factor, K 1.334 1.263
Supply current (mA) 60 120
From the simulation result, it can be observed that the balanced LNA shows 2dB gain better than feedback LNA but with
the degradation in noise figure. This is due to the additional transmission line and component used in balanced LNA which
contribute to higher noise figure.
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Balanced configuration exhibits excellent input and output match up to -30dB. This can be achieved as the reflected 
signal due to poor matching is channeled back through coupler to the 50 ohm load. Overall, both the balanced and feedback 
LNA design successfully meet the design specification. From the simulation result, a balanced approach has better 
performance than feedback in all the parameters but with a significant degradation in the noise figure. This makesthe 
feedback LNA is preferred over the balanced design. This is because in the designing of low noise amplifier, minimum 
noise figure is always taken into primary consideration than other factors.  Feedback LNA has the advantage of having 
lower noise figure and smaller board size for PCB fabrication. Beside this, itrequires only a single transistor with half the 
current supply as compared to the balanced LNA. This can greatly cut down the cost of production.  Therefore, feedback 
LNA is chosen to be fabricated and comparison will be made between the simulated and measured results. 
5. measurement of LNA prototype 
The series feedback LNA is fabricated on the FR4 board as shown in Figure 8. The layout of the board was design 
using the auto-generation function in the ADS. The circuit is supplied with a 5V DC through the DC pin located at the top 
of the board. With the 5V supply, the current measured at the drain of the circuit is 60mA which is consistent with the 
simulated circuit. The SMA connectors are attached to both the input and output of the board to drive the RF signal. 
 
 
 
 
Fig. 8. The fabricated LNA board 
 
The fabricated board is measured using equipment such as vector network analyzer, signal generator, spectrum analyzer and 
noise figure analyzer to obtain the parameters performance. The simulated and measured S-parameter performances are 
shown in Figure9. 
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Fig. 9. Simulated versus measured S-parameter performance (a) Input return loss, (b) Output return loss (c) Gain (d) Inverse Isolation 
 
By referring to table 3, it can be observed that the simulated and measured performances are quite different based on 
the parameters. For simulated and measured return loss, S11 both are well below 10dB which indicates that the board is well 
matched at the  input and output. The gain measured seems to degrade around 5dB as compared to the simulation result. 
This shows that the correlation at the output of the LNA is not so accurate between the simulated and actual board. This is 
due to the large parasitic effect at high frequency which causes  differences between the simulated and measured result. 
There is also a huge increase in noise figure for the actual board as the performance was greatly affected by other parasitic 
components such as the SMT and the RF trace. The environmental temperature and equipment uncertainties also 
contributed to the indifferences in performance. 
 
Table 3. Simulated vs measured LNA performance 
 
 
 
 
 
 
 
 
 
 
 
Apart from this, there are also differences in the IP3 performance but it still meet the design specification of more than 
10dBm. The most important observation of the measured result is that at the operating frequency of 2.4GHz, the LNA 
design is able to meet the required performance of |S21|>10dB, S11<-14dB, S22<-17dB, noise figure less than 1.5dB and 
IIP3 of more than 17dBm. The stability, K-factor of the fabricated board has been measured to be greater than 1. This shows 
that the design is able to meet the specification and it is unconditional stable at the operating frequency. The performances 
are measured with a 5V supply and 60mA of drain current consumption. 
6. Conclusion 
The feedback and balanced LNA have been successfully designed. Both the designs are compared and it is proven that 
feedback is giving a better performance than the balanced approach in WLAN application. Thus, feedback LNA is 
fabricated on the FR4 board and the measured results are compared with the simulated results.The feedback LNA design 
exhibits great performance of gain more than 10dB, NF less than 1.5dB, IIP3 of more than 17dBm and it is unconditional 
stable at the frequency of interest. Overall the feedback LNA design is meeting the intended specifications to be used in 
WLAN application. 
 
Parameters Simulated 
values 
Measured 
values 
Operating frequency 2.4GHz 2.4GHz 
Input Return Loss, S11 (dB) -20.063 -14.757 
Output Return Loss,S22 (dB) -24.042 -17.093 
Inverse Isolation, S12 (dB) -22.060 -18.489 
Gain, S21 (dB) 14.951 10.024 
Noise figure, (dB) 0.663 1.53 
IIP3 17.576 28.07 
OIP3 32.487 16.908 
Stability Factor, K 1.334 1.330 
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For further improvement study and future work, it is recommended that a comparison is made with the cascoded LNA 
design as it is proven to exhibit a higher gain due to increase in the output impedance as well as better isolation between the 
input and output ports. Cascoded LNA also improved bandwidth due to reduced Miller capacitance associated with the input 
time constant. Also a method of moment with an EM simulator can be added in the simulation stage to improve the 
correlations between the simulated and measured result. 
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